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LIFT IMCBEASE BY BIJ3NIBGOUT AIR, TESTS ~ AIRFOIL @F

12 PEiC~T THTCKEBS~ USIFG VARIOUS TYPES QF HAP ●

. .. By w. Sohwbr

%UUARY . .

The ?#AOA23012-4 airfoil was irrveetigated for the Pwpoae
of increasing lift by means of’blowing out air from the wing, in
oonjunotlonwith the effeot of plain flap of variable oontour ‘ .
and slotted flau of 25+eroent ahord lcqth. The wing also Wac
provided with a hinged nose, to be defleoted at will. Air waeI
blown out frcsathe wing ~edlately in front of the flap; also
at the opening between wing and hiuged nose,atangentially to the
surfaoe”of the wing. Another devioe employed to inorease maximum
lift was a movable slat, to bs opened to form a clot. .

Lift was measured in relatlon to the volw of blown-out
alr and ocmelderable inoreas~s were observed with inweasing
Tolunm●

The slotted flap was wovided with pressure tubes. In order
to determine moments, moms 1 and tangeutid foroes on the flap,.

% pressure distrlbutionswere taken at several angles of .attaak
and various deflections of the flap.
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I ● IliTROIXJCTIOH- -

The preoent report en blowing tests on an K4CA ~012-& air-
foil is one of a series of mpere on various airfoi1s for the
purpoee of hsmasing lift by blmting out air. Up to the present, .
reports in this series inolude testson an airfoil of 18 peroent
thiokness (1), a eymmetrioal airfoil of 12.8 peroent thiokness (2)
and of 9 neroent thiokness (3). ii further report is now being
prepared on teetson an NACA 23015 uirfoi1.

The tests oontaiaed in the rsport at hand encountered tb
particular interest of tk Nesserachmitt ocmpany and in part
were oarried out with their SUPPOZ%

II. STJiTI!YIEMTOF THE TEST ~O13LEX

The probleme of this Inveetigation are substantially
oorresnonding to those stated in studying the airfoi1 of 9 per- “
oent tkiqlmeSE and are more fully dlsousaed in the thereto
Eertaiflingreport=

The problems oonsiet of increasing lift to the highsst
attainable value, determinanton of eff’eotsof slot and flap and
of hinged nose and flap to thm beat advantage of lift as well
as obsmvation of qffeot of bkwn-out air on the lift. To
obtain infor~ti on oonoerning the moments anplied *G operate the
flap, the foroes aoting upon the latter are to be obtained in
relation to the volume of blown-out air.

III. DQNCRIP’l!IO!iOF .MOD13LJ3AND TEST PROCEDURE

The test.shere dieouseed have been nsrformed on the NACA ~912-&
airfoi1, with maximum thiokncss at 40-pe?oent ohord and leading=dge
radius of the Eormal sizes The eirfoi1, whose coordinates are
taken fYan HW Rep. 61o (~), ia ehown, tith the above msntioned
Mgh-lift devioes, in figures 1 snd 2.

Tk lqqws of fkp represen+~d in firers 2 mre tested a
few months after those shown h figure 1. The ~ employad first
was a pldn flan, figure 1, type a, of 2&-peroent ohord length
(with respeot to wing ohord) measured fran
This flap has been d~signed with an offset

.

finge to tralling-edge.
in the forward
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eeotlon (an the auotim side). TUB was ‘done In ardor to” obtain “
the shape of blowing s1l* thought to be of beet advwatdge M
*-11 Es hsur6 “thortigh tiglitnolw-ofthe -Sliti“with the flap In
Otreamlin,m%poeltion9 ?towwer, the offset proved”to have adweree .
effeote on blowing of air upon the flap, therefore, it was evened
out by oowring it up with sheetmetal (fig. 1, type b). Later
m, flaps type o and d, figure 1 uere produced by applications
of plaetlline to that seotlon, thus obtalnla s thioker oontour. “

#Theee have been termed %wdera”tily thiokened (we o) and . ‘
“lmzvily thiokened” (type d). .

In further tests the wing me provided with a plaln flap .of
~ eroent and a slotted flap.of ~-p&oent ohord length (fig. 2).

$To etermlne the best position of the hinge of the slotted flap
during blowing out air, this poaltion wae variable within wide
limits. The hinge of the plain flap at first was fixed~ houiaver, .
$n oourse of the tests it beoaue expedltioue to dlsnlaoe it
to come extent.

Air wae blown out from the wing #ust forward of the flap;
a ohange in wld%h of the blowing-dlltslit writ?aocanpllshed by
interolpnging the aft wing seotiono

Othsr mmns provided at the nose seotlon to inorease lift
inolude a slat of 13 peroent and a hinged nose of 17.S-peroent
chord length Position of the slat we variable tiooordingto
the series of holes shown h figure 1, ohanging the width of slot
formed ~ the slat at the same time. Construotion of tho hinged
nose wae mmh thet by deflecting the latter a ellt was fcmmod
between hiDged nose and the main wing surfaoe, fruactioh air
oould b blown out in a direotion tangential to the wing surfaoe.

The ineide of “thewing hae been eubdivlded ~ a diagonal
wall into two airtight partitions in suoh a zanner that”air was
blown out frmn one partition #ust forward of.& flap and fkom
the-other immediately aft of the hinged nose.

The ohcmd length of the wing model 10 Z = 0.3 meter,
the span b ~ 1.2 inters end it has been provided with end
plates of 0.53-meter diameter.

Tlm already eatab12#hed kthod hae been followed in the tests.
~ret the vol= of blown-out alr ie .inoreasedto a high value,-.
mdntaking unseparated flh in the proodure as oonoludpd “i’r”am
tuft observations. In the next step this volum is.reduoed.taki~
Hft measurements at the same time. In order to find any existing

.differenoe between the effeet of decreasing and increasing

.

.
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Oa(q) relation, h some ‘instanoeulift was
ino~easing volume an well. .

drag was oonourrently determined”by the drag balanoe,
the o~den@ding-meaamewnts are-here ~ot”rep~ted due to the
inherent Iaaoouraoy of the teS* pmdedure with re swot to drag.

W sletted flap has been pruvided with pressure tubes
looated G+ the oentm of the span, whioh served to determine tb
manents on ‘h fhm during blowing out air. Ths position of the .
tubes is shown in figure 2(e), representing the slotted flap
apart &an tho wing. In order not to affeot foroe measurements by
the nreseure tuben wotruding from the wing, pressure distributias
on the flap were obtained in separate tests,
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IV.

S~bols Used

SYMNLS AND BVALUATIQEJ

in Evaluating the Me&sur6ments

total lift in kilogram% nmasured by balanoe

pitohing nmment cf wing In meter-kilogrems, wl%h r.tispeot
to 0.~-olymd point of wing

normal foroe aoting on fla~, In kilograms

-gential forc!eacting on flap, In kilograms

mment acting on flap with respeok to h’lnge
meter-kilograms

velooity of blower stream in msters/seoond

nma velocity of blown-out air at outlet in

of flap, in

meterq/aeoond

0.36 square
slat .

0.3 meter,

1.2 nmtere,

meter, wing aurfaoe with olossd flap and olosed

wing ohord with olosed flap and olosed slat

wing epan of model

flap surfaoe, taken frcm hinge to trailing ec?ge,in
square nm3ters “

length of flap, taken .frcmhinge to trailing edge, in met&s
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%. ,, . . . .. . ... . . --., ..,, . . . . . . . .len@h of slat, taken parallel to wing ohord, In meters-.,
2~ length of hinged nose in meters

I

6 width of blow-slit at the flap in nmtore

:.
# 6~ width of blmv-slit at hinged no6e in nwters

% width of slot (between slat and wing) in meters
)

Q w lume of air blown out at flap in oublo meters/seoond

QN volume of eSr blown out at hinged nose ip oubio meters/seoond

PD P~ moees presmre in wing required.for blowing out the
W hme6 Q and QN J rospeotiwly, in kilogr~equare inter ,,....

a gemetrloal angle of attaok, taken between wing ohord and
wind-tunne1 axis

am angle of attaok for Infinite aspeot ratio and infinite
jet dben6i ms

———. —. ——
a Translat~~s Note. The above ooeffioients wi11 be reoognised

b as ltft-ooeffloient (oa), momnt” ooeffiaient (W) 3 whih” the others
may b denoted a6 mcanentooeffioient of flap (or), nor-1-foroe
ooeffloiant of flare (o~), tangential ooef’fioienbof flap (ON),

‘Q
ando~ y are ooeffioi6nts of the blown-out air vol’umeand

‘P PIW
ooeffioients of internnl “pressure.

I — ——— .. . . . ,. .,, . . —— —-. .—
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‘n flap def’leotlon

.% l@ged nose deflection

A
0

$
aspeot ratio ~ .

Conversion of a to am:

“(1) Correoticm applied for finite jet

E(loATMHo. nl+a “

dimensions;

. (Calculated aooordingto GWtinger Lieferung, page 12.)

.
(2) Carreotion applied for finite aspeot ratio:

Tbs faotor K applied to oorreot for wing with end
platess the value for the end plates uaod was determined
emerimentally (5]. ‘Withthis value:

a; = Oa x 2.811°

Deduoting q~ md ai
beocales:

ao = ao ““e=

fkm a the total oorreotim

Oa x 3.465* b

The drag ooeffioient w “has been used to oaloulate ~ from
lift and drag measurements. Although, as mentioned above, ~ oould
k determined with poor aoouraoy, ite influenoe in oaloulating
~i*ohing momentsis emall mmpared to that of lift and has been
allowed to be taken into aooounts

.

a ‘fr~slatorts Note. The form@ for 4 is”taken ficm part 9
of this series of reverts. It ia inoorreotly quoted im the original
of this report (page 6 of the &man text).

—. . . ---



HACA TM NO. ll@ 7

. ...” . . .The,monwnto-oeffioient,,~f,f-hp lo found ficm pressure distributions
using the equation ““‘“

. .

where the “firstterm reereeent6 nkmbnt of the tangential, the seoond
term that of the nornwl-oomponent foroe6. Using the “signsas given
in the equation, the moment is Dositive for a positive tangential
foroe above, and for Positive normal f’oroeforward o~ the flap

t
hinge. Tha integrals are .determl.podby.plotting . ~ ~d~x

qr
ae funotione of

areas under the

The normal
similar manuer,

~ and ~ , respectively, and evul-utlng the -

omresponding ourves with the planimeter.

and tangential foroe ooef fioients are obtained in
fram nressure distrlbutiohs with the equations

‘% = r ()gd~
L1 Zr

The theoretdoal l~fi ooeffioients o
%

= f( ad is inoluded in

the dia~ame for ocmparison af the experinwntally obtsdned results.
The val~s for the t~oretioal ourve &e
for a da’eamlined airfoil (without flap)

oaloula-tid (Rals (6))
from

-, ..,. . . . .

Deviations of the theoretical ourve
are calculated aooordlngto Keune (7].

due to defleeted flap
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.. V. TEST RESULTS

JWA TM MOi l@

Only the most mominent re.suite,are inoluded fn this report,
oontained in f’i

r
es 3 to 35. Frau numerous observations, the

re19tion 08(@ for various values of a = Oonstant OJ o~ also
for various vuluea of the geometrloalangle of attack a = oonstant
and the ourvea Oa = f(a~ for various values of o~= oonste.nt
appeaF in all the diagrams from figure 6 cnu It should be observed
that &long the ourvea Oa(@ the value of oQ is not Qonstant, .
but inoreaaes%ith Oa. The oorreeponding

%?
-value oan be found on

the Oa( oQ) Ourve; the value6 of Oa(o~) f Varioua OQ= Oonstent.
..are :ndioated“bydotted lime.

Figure 3 re~esents Oa = f(’flE} for the wing provided with a
flap aa in figure 1, tp a. The outbum defleotlon of the hinged
nose, without blowing air frcsnthe wing, waa determined by finding -,

C%BX
at flap defleotiona 71= 0° and ~ = 30° and a+ various

angles of attack (a = oonatant) fcm.~zrying hirigednose angle.
fi~ th latter tests optimmm of the hinged nose sngle is At VW = ~s”;
Tt must be stated that the Inorease due to the effeot of thia
dwioe ia relatively small.

Effeot of blowin~ out tiir at the hinged nose is shown by the
diagmms of figure 4. The lift ooeffioient is obtained as fumctlcn
of theblown-outvolume at the hinged nose (qNj for constant
flap dcfleotdon ( ~ s 3~@) ~d ~O~a~t blm-~t ~ol~ at thg
flau (~ s 0.019~), varying tlw hinged-nose def160tion, The curves ~~

‘%
= f(o~~) in figure 4 ar5 always,given for that angle of attaok,.

w ore at highest o
?!

the flow is 4till dofinitely unsep=ated
along lb wtingand ap. ~hen thlf!volume ia reduoed, gradual
86~atiC01 of flow appears on the wing,

It is evident that at tie applled defleotiom of hinged nose,
-unseparated flow along the wing oould be maintained and oa
inoreased considerahly by the air bloroiout at the hinged nose. Jt
will.be noted, however, that a mhallar volume of blown-out air
is rt.quiredto obtain the same and higher vf.iuesof Oa, by ocmwring

with teats for open-slat poeltion and air blown out at the flap cmly
(fig- 7 (’tlE 35°) and fig. 18). The oonolusion of the tests
disoussed is that a slat has a more fe~orable effeot than a hinged
nose. Due to thts faot, the remainder of”these tests apply to the
wing unaltered nose-seotion and mith slat.

-.

Toats inoluding vfiriouspositidns of the slat (with flap
type h, fig. 1) at flap deflections ~ = Oo and ?I=30°, with-
out air bd.ng blown out, are represented by figure 50 For ~ = 30°
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the ovtimsn position of the slat was found to be 70 (denoting posltim
“of the- point-of-Mferenoer.fig. .1)~ with.psmt and wing forqing,8 .
“ slot a millimeterswide. “Rith closed flan the optimum position, in “
the upper d$agr~ figure 54 is only slightly different fran 70 (~)
(positIon 7e, 610t U milli.nwters. I

!W o~tjmtusslat ~ositian was ‘determinedim a further test =t .c
open flap,.with air being blown out at the flapJ as above, the best
poaiti

7
fouh@ in this oage -S 7e (L!+)..The wrre spending diagrams

are not .ncluded in this report.

,.
mu FLAP ,..,

With the best slat positions thus mailable, Oa = f(GQ)
was then determined at various angles of attack using the types of ,
flap shown in figure 1. These measurements are represented by t.
figuree 6 ho 8. Chly a slight inorease in Qa oould be attained
by blowiug when the offset flap was us~d (fig. 1, type a), therefore

tests with this type of flap have been discontinued. Results of
teste made are not shown in the report,

Air blowing nroduoed ooneiderably improved effeots with the
offset filled in (fl , 1, type b); the oorrespending measursmente are

Iicontained in figure . Unseparated flow along the flap oould be
maintained to a maxhmm flap defleotlon of 11= 35°: the results
shown are for this angle. -

Information gained fran tests on an airfoi1 of 9 peroent
thiokness (referenoe 3 page 8) made It probable tkt more advantageous
oa(o~ ourves could be obtainedwith a flap, which when In open .
position, follows the original oontour of the airfofl nearer to
the blowing-out alit, than with one of figure 1, me b.. There-
f’me a layer of plastiline was applied to the flap,.nroduoing the “
t~ hoderntely thiokeneda (fig. 1,itype o). Using this typet
the flm oould bo keti unsqaratd a%md the flap by air-blowing
up to ~-= @o. The test results, shown in figure 7 for the “
msxlmum obtainable angle of attiok with unseparated flow was sti11
being maintained, indioa~ in oomparison to figure 6 thut, for . m
equal values of. OQ, the lift ooeffioier,tsare higher in the latter
oaee●

. .

By lmilding up the.flarefurther. ( f-lg.1.,~. d)~ reault~ng In
the ‘heavily tihiokenedn

v
unseparated flow along the flap oould

be maintained up to ‘fl“ ‘: The correspondingmeasuremerits,
represented by figures.8 and 9, show that oauparod to type e .to a
effeotive defleo~ion angle of ~he flap was inoreaeed eti11 more, with
a o~resp~ing fnoreaI?@h lift ooeffioient at e~al =lWS of oQb

.
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Flaps @pe o and d, obtained by building up the
with plastillne, had the experimental disadvantage that

m Jo. ll@

thiokneas
flap defleotiau

oould be varied within ve
T

narrow limits only, Tests on type d
were restricted to ’11= b5 . In order to obtain meakuremmts for
a wider range of flap def’leotions,the tests on types in figure 1
were soon disoontinued. The wing was rebuilt and provided with a
plain flap as In ftgure 2~ type ee Bealde the latter type, tests
were mm with the slotted flap (fig. 2,.me f). ~he teats on
types e and f followed a few months after tho ones desoribed
above had been oompleted.

In using the nlain flap (fig, 2) oare IEUIto be taken that there
should ho no break in oontour oaused by the oontour of the opened
flap falling helow that of the original airfoil.

Results of tests with this flap, for v = 45° and olosed slat, .
are oontained In figure 10, at the same width of the blowtig-out
slit as in figures 8 and 9 (s = 0.006671). Cmparison with figure 8

j.

indioates th~tvalues of oa(04) are about the same as those
obtained with the ‘heavi~v thiokenedn flap (type d).

To find the effeot of the width of the slit, the smme type of
flap was tested with a narrower slit (s = 0.00552) likewisewith
olosed slat and at m = &o and the Oa(OQ) relationship determined.
The resulting oa - values, as it was expeotedu are sanewhat higher,
using the narrower slit, at equal Oq (fig. 11). I?autrally,the
correspondingvalues of Op are inoroased as well.

Observations of flow around the flap indloated that sti11 higher
valuee of oa (at equal o~] may be obta5ned by shifting the flan
t-d the suotion side. The flap was thereforo so shifted that it
extended somewhat beyond the wing oontmr of the suction side,
at the same time however, for oadtruoticmal reasons, it had to
be disulaoed aft to somo extent. Those displmements amount to
1 millimeter (0.C~3Z) to~mrd the ouotion side and 0.5 millimeter
(0.001662) aft. It is seen fra a oompariscm of figures 10 and 15
that oa is further inoreased by shifting the flap.

“The remainder of We tests with ?I.ainflap (figs. 12 to 19) have
Men oonduoted WIth the flau in the latter pos~tlon. Again the first
thing detotined was the most advantageous slat position, whioh is
slightly different frcsnthe previous position. The best results for
the rebuilt wing are for slat position & (16). (See page 6 for
designation.) The measurements aro no% shown in detail.

The general results agree with those from earlier tests cm other
airfoi1s and flaus with air-blowing arrangement. For mmll defleoticme
of flaps the inorease in Oa with the blown-out volume is relatively

—.. — --
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small. At larger def’leotionqngleo. l.!l= 390 qnd .&o) ad low
values of o , the value of Oa

m!
first deoreases below that for o = O, “

oomee to n nhum, then inoreaaes oonsiderablywith OQ. A marke$
in0re6t80al=yEi b8ginS wbn C)Q = 0.006 to 0.007, oorreepond~ng to
the equatla giving ~ ratio of me- blowing-out velooity va to
etirspecd vs

Aleo this ia in agreement with earlier tests.

It appears from the theo~tieal ourves oath, in the 0=(@

diagrams, that with inoreesing OQ, the experimental valuea more and
more mnromh the theoretloal llft ooeffioients. Already at OQ : 0.020

and evtn n% a; : 0.015 for small flan deflections, the experimental and
theoretical values ars in olose agreement. In some oaseisthe
exrxu%uentally obtained lift oosfficiente even exoeed the theoretical
mlueeg

Thie fact is easily UIld6r6t00dby r~ali~tig that the mcmentum
of blown-out air adds a oomonent h the direotian of lift and that
at high blowing velocities the effeotive ohord length of the wing
may be considc.redinor~aeed due to the blown-out jet of air,

AIGo, if the trailin~ edge is not perfec!tlywell defined,
with th great energy being oonveyed to the boundary layer by blowing-
out-of air, dienlacement of the stagnation point beyond the ~.osition
otherwise determined by the trailing edge will sanetimes take
r)laoo,omeing Oa to Inoraaae.

Mhloh of these factors is nredmi~t in the inorease of lift
beyand its theoretlcialvalues, is a queetia still in need of oloeier
investigation.

It is aeon from the Oa(OQ) ourves that while at ooneitant a “ .
and inoreaalng OQ the.lift ooeffioient inore ses considerably,

80a
no systematic variation ooours in the ourvee —s th!& is the P19pe

of the oa(am~ funotia. &thermore, the an$e of attaok of
mSCKb?2~lif% BOS4BL6tO b8C_ =ller aS OQ horea8f313.

\

Figures 15 and 19 give, for example, the following oa inoroases~ .
with plain flap (fig. 2, type.e) at u= =oonet:

..
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PLHM FLAP

. .

J
..-. .— — —. - .——. -.-. —-— ------—-

,q=45°i I

u“—.—A-33- ...-!. ‘s!? .J .’?:9?5,.!.w?!!...-
1. I

am = -5°
t s~t OIO*=d ! *OQ”i”0I‘.=I I
~—-—.——~:a-f-”;j;~----[;;---;-;:;--~Slat opened ,

——— —— -.A-— -— ---—.—- ......... .-...-—-_.’e.------ ---

~a
The foll~ng table oontalns vzlws of the quantity fi ,

denbiiiw flap effeotiveneES. .These are taken frcsnthe o=(~
Ourm 4

over a
values

.. - -. ----

it Ooilatantlift, .Oas 1 and sinoe they were deti-~~ned
range of deflections frm ~ = 0° to ho, repre6ent mean
for that range of q.

PLAIN ET&
.— —.. -— ---- ----- —— ———-—- -- --- “-”””-. 1

1

.---— !.:.299t-:;;~;:--t-;::-—+.%..——-—-
Slat olosed I F

~1
I -m

‘-”-— ------ -2-
-------- .. .

I
-.. —--- ---------- . ..-.—--- —.-—, I

I

.....“

slat qen
@q ! ‘O”ml ! -0’3=4 :

-OJ+6S ~ -00549
--- —— --- —.L .-—.. .. . . ! . --–.--—.—.-—.-.--.—. --- 4

6A
These valws ahm a Sl=ble Inorease in ~T as t% volune“.

Ooeffioient o
!

beoomes greater. l’hsreIs no aignlfioent difference
between the va ues for a wing with open slat and those with slat
olosed. Should these values be ocmpred to the corresponding

%
ba obtained with fZap8 with no boundary-layer control, it is
fi
emphasized that the values obtained In the latter ease apply to a
wry limited range of’ deflections, wM.le those in the table here
given are taken for th6 entire range of q = 0° to ~“.

GlauertCs theory gives
&a

fi=
-0960 for a flap hating equal

ohord length to the me t=steal-

Effeot of a slat, together with that of blowing out air at the
flap, is substantiallythe same as the effeot of slat only, with the
oustomary plain flap. It oonsists of widening the range of effeotiw
angle of attack toward larger angles, thereby inoreaslng___ J!5!&W——__ .——

4 m~slat~ ~s Note: Resumably -0.322.

h

I
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SLOTTEO FLAP “
b.: :

. .

L. .---’ m* *b*-, -A&; . ..”.,.
The first ob-leoti~”GE. ae abi%re,’to.f’iri&the outimm hln~ “--.

. wwition of ~“ slotted flap during blowing out air. Detailed -
resuits of this investigation are alttedo Eighest values of

-,:.,
%

09(at equal o . were obtained when.the hinge was shifted
?) ...,lmUEmeter (O. ~.1) toward the.euOtiOn 6iae and at the same time -.,
b“
1,

5 millimeters(0,0167 Z) aft, M omupared with the original positia.
,. It is again oharaoteristiothat as in the ,formertests, the upper
,,, flap surfaoe extends mnmwhat beyond the original oontour of the
,. airfoil.

Test resulte“with clotted flap, for slat open as well as
oloee& are 6hown in figures 20to 27. ~ oa(o~) relationships“
are not finxiamentallydifferent from those pertaining to the plain
flap, althoug~ for oorreqmnding values of o q the oa - value8 k
are thrcmghout higher for the slotted flab. It ehould be ootisidered
that slits for blowing out air were narrmer In the latter ease.

Figure6 ~ and 27 yield tlw following
oonstant angls of attaok and oonstamt flap

SLOTTED F&

Oa - inoreases, at
defleotlon~

For purpose of comparison the .followlngreaults of test on
a ~012 al.rfotlwith suotlon - type flap sue quoted from a report
W Regensoheit (8). These are, though, referring to a flap with a
ohord length of only 20 peroent wing ohord, The inmease in lift
ooeffioients are based a the values of o~ = O (pegs 6).

02= 0.015 AOa = 1.3
B *.Jrw.~* ... .. . ... . . .
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auwi TM ITO.M@ ~
. .

OOnsldering that tlm flap wed in
shorter chard length, at maY be stated

* motion tests is of
that abcnatequal resultswere “

obtained for o
$
~ 0.015, &lle at o ~ = O.0~ llfi i.ainoreaeed

m~e by blowing ban”by auotion.

.

SLOTTBD FLAP
—---- . . .. .— .-— .-..

81at oloaed
...—. —- ....

81*t opened
,. —— —.

The above values for e~= 0.020 apply to 11 = 30° to @o,
sinoe at larger volwna ooef’f’iolentsthe alotted flap was not tosteal
at small deflection angles. Also hare oonaiderable inoreaae

In b
e

la noted with increasing Oq. Theoretical value

(Ghugrt) s 0061.6

:

To asoertain any .differenoebetween valwe of o determined
in teate with the blown-out volmw being inareawd ant value of Oa
with volume be$ng reduosd, several ca(oJ) ourvss Lmve been obtained
using both wo oedureso An instanoe of these tests (see fig. 28)
shows that no difference oan be obeerwds moreov6r, the eaam valw of
Oa was obtained for equal vol~ ooeffioients,regardless whether
the volums was inoreaaed frcunzero orreduoed frcasa high value.

kuuples of pressure distribution alotigthe slotted flap
ob&%dned for the purpose of flap-momnt determinatia, are ehown in
figure ~, for various volume ooeffioients. Evidently unusually
sharp peaka of low lxreasuromay appear in the air-blowing procedure
on the leading edge of the.flap.

Figurea 30 and 31 represent fhp-mcanent ooef’fioiente or aa
f’unotionof o ~ determi~d frau preaaure distributions, for
varioua anglea of attack. Within the range of tlM latter investigated,
the magitude of mcmant ooeffioient is inoreaaingulth TOlume of
bloun-out air, while it ia almost independent of angle ,of attaok.
—.. — — .—.—. --——— -.

s %=analator’s Rotet
-—

-0.61

.
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Cmepiouous is the faot tbt t-d higher -lWS of OQ or
beoomes smaller at q = &o than at ~ = 30°. The oause of this
phenomnon probably is that at large defleotlona the pressure
peake desoribed above, shift further forward on the leading edge
of the flap, produoing shorter monwnt arm with reepeot to the hinge,
thus reduoing mcauentbf the tangential foroe oanponent.

Figures 32 to 35 represent the ooeffioient of nornd foroe o~
as well as that of tangential foroe cm as motion of tb
volume ooeffioientc ,

fi. CONCLUSIONS

Tests have been oonduoted to inoreaae lift of a l?AOA23012-64
airfoil, provided with slat, hinged nose and plain or slotted f’~p, ~.

by means of blowing out air fran the w@g. Ah was blown out
inmmdiately in front of the flap, also, when in open position,
immediately behind the hinged nose.

Using plain flap (~ = &o], at optimum slat position the lift
ooeffioients obtained

I?oair being blown out, o~=o aa-x = 2.18

0:= 0,020 *a~x = 3.70

Correspending Values for Slotted FlapI

o?= o oa~x = 2.38

0, = O,om
* Oa- = 4.0

/!3.
The effeotivenese of the flap, indioated by “~, was considerably

aq
Inorecsed by blowing out air. For Oa = 1 and flap deflections Up

to q = &o, the following valueEIwere obtained:

ha
‘Q ‘0

F

= -o.~1
T

‘%2= O.oa ~= -o.5149
ijq

The oorrespondlng themetioal value is O.@. e

‘lhanslatorss notes Re sumably -O.~.



With 810tted FlaPs

M.L, m m. 11.IJ8

ha”~. -0.270

slat

=0.020 <as
‘a ?)7)

= -0.601

a?)
Theoretical value:

bq
= -0061

The slat produoed no particular effeots in oamparimn to a
used on a wing with no boundary-layeroontrol. Only a alight

inoreaae In o*- haa been obser&d that oould be a~ibuted-to
the hinged nose. By blowing out air at the hinged nose, in additlom,
unseparated flow was maintained at lerger angles of attaok,
increasing lift at the same time. Still, th9 highest lift ooeffloienta
were measured when the total available air volume was blown out
at the flap only.

1.

Trenslatid by & Plkler -
Goodpar Airoraft Cor~oration

..

,.
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NACA TM No. 1148 Figs. 1,2
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\ Type●. flap with offset

reference point of

slat po~it ion
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Fig. 1: 23012-64 airfoil with slat, hinged nose and plain flap;
various types of plain flap, used at first in the tests.

Type e. airfoil with second type of plain flap
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foooooo
e.300000
0000000
pm:::

a;ggf; 9

Type f. airfoil with slotted flap

Fig. 2: 23012-64 airfoil with slat, second type of plain flap and
slotted flap.



Figs. 2a-4 NACA TM No. 1148

Fig. 2a: “Slotted flap, type f; Postion
of pressure tubes.
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Q + ?/.30” Fig. 3: Maximum lift vs. hinged nose
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Fig. 4: Chenge of lift by blowing out S:- aft of hinged nose with plain flap type.
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NACA TM No. 1148 Figs. 5-7

2,0, 1 I

- camajL-4?2_lair.

Fig. 5: Determination of most favorable
slat position for wing with plain
flap type-b, without blowing out
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Fig. 6: Wing with
plain flap type b;
offset on flap
filled in; s = .006671
slat position:
7e(14)

“-
Fig. 7: Wing with plain flap

type c: “moderately
thickened~l flap;
s ‘.0067z; slat
position: 7e(14)

-
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Figs. 8,9 NACA TM No. 1148
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Fig. 8: Wing with plain flap type d; flap IIheavilythickened”
s = .036672;slat closed.
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Fig. 9: Wing with plain flap type d; “heavily thickened’ flap;
s = .~6671: slat in position 7e(14)0
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Fig. 10: Wing with plain flap type e; hinge in ()-position;
s = .00667z; slat closed.
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Fig. 11: Wing with plain flap type e; hinge in ()-position; s = .00552;
slat closed.



Figs. 12,13 NACA TM ?SJO.1148
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Fig. 12: Wing with plain flap type e; hinge position displaced;
s = .006671; slat closed.
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Fig. 13: Wing with plain flap type e; hinge position displaced;
s = .00667Z; slat closed.
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NACA TM No. 1148 Figs. 14,15
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Fig. 14: Wing with plain flap type e; hinge position
displaced; s = .006671; slat closed.
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Fig. 15: Wing with plain flap type e; hinge position displaced;
s =-.()()667z; slat closed.



Figs. 16,17 NACA TM No. 1148

Fig. 16: Wing with plain flap type e; hinge position disDlaced:
s= .00667L; slat position 6e(161. ‘ ‘
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Ca

3,0

2,0

1,0

0

Fig. 17: Wing with plain flap type e; hinge position displaced;
s =.006672; slat position; 6e(16).
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Figs. 18,19
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Fig. 18: Wing with plaln flap type e; hinge position displaced;
s ‘.00667Z; slat position 6e(16).
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Fig. 19: Wing with plain flap type e; hinge position displaced;
s =.006671; slat position 6e(16).



Figs. 20,21 NACA TM No. 1148
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Fig. 20: Wing with slotted flap type f; s ‘.M5L slat closed.
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Fig.21: Wing with slotted flap type f; s ‘. C051; slat closed.



NACA TM No. 1148 Figs. 22,23

+Or-- ~— 1 40 ,-+0, r
—— __

co

, - -/~ &,6.
7)=30”C“ co

.“ I--: a.’i8”.-
~oy I

Y / v CQ. Q070 \h y1,0 20 n
1 - 1 u 1

I J,-c) .1 ~ I ‘I-Jo
o

0,01 co
.—

0,02 -10” 0“ 10” am

Fig. 22: Wing with slotted flap type f; s = 005z;
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Figs. 24,25 NACA TM No. 1148
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Fig. 24: Wing with slotted flap type f; s = . 0051;
slat position 6e(16).

Fig. 25: Wing with slotted flap type f; s = .oc)5~;
slat position 6e(16).



No. 1148 Figs. 26,27
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with slotted flap type f; s = .0051;
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Fig. 27: Wing with slotted flap type f; s =.005z; slat position 6e 16).



Figs. 28,29
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NACA TM No. 1148 ~
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Fig. 28: Wing with slotted flap
Test run at increasing

type f; s = .0051; slat position 6e(16);
and decreasing volume n = 30°.
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slat closed.
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NACA TM No. 1148 Figs. 30,31
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Fig. 30: Wing with slotted flap type f; ‘
s = .0052; slat closed.
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Fig. 31: Wing with slotted flap type f;
s = .005z; slat closed.
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Figs. 32,33 NACA TM No. 1148
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Fig. 32: Slotted flap normal force coefficients
type f; s = .0051; slat closed.

o—
I 1

Fig. 33: slotted flap normal force coefficients
type f; s = .005L; slat open.



NACA TM No. 1148 Figs. 34,35

-@

-Q8

CT, cTr
-12

-@

-Q8

-1.2

-1,6

CT, %r

Fig. 34: Slotted flap tangential force coefficients
type f; 6 = .0051; slat closed.
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Fig. 35: Slotted flap tangential force coefficients
type f; s = .0051; slat open.


